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GENERAL SUMMARY 
The primary objective of these studies has been a clari- 
fication of the basic physiologic processes obtaining in huiuan 
beings subjected to svecific limitations in the intake of food 
and water, 


This work was initiated in early 1945 under the guidance 

Tk a n * : Yemleg ccs i BE ep erroge< fife = 
of Dr. C. G. King, Acvyiser to the Quartermaster General and 
Director of the Nutrition Foundation. It was at first pro- 
jected simply as a brief, single testing on hwmn beings of 
severel oroposed new rations for Amy Air Corps Life hafts, 
The results of these preliminary explorations, in conjunction 
with certain other findings brought to light by Major George 
Gelman, Technical Director of the Quartermaster Food and Con- 
tain:r Institute, broadened the scope of our assignment, first 

3 i & 3 

toward jiproving the existing Life Raft Ration, then aub- 
sequently to encompass the problem of survival rations in 
General, These investigations were carried on in close liaison 
with other kindred groups working with the Institute, parti- 


cularly those of Dr. Pearl Swenson et Iowa State College, and 2 
Dr. James B. Allison at Rutgers University, with all working ‘ 
closely under the coordinating direction of Dr. Samuel Lepkovsky. 4 


Because of limitations on weight and space available in a ee 
planes, the total Air Corps Life Haft Ration then consisted of 
only 100 grans of carbohydrate per man per day. Water was not 
stocked in the life rafts, since a castaway was expected to 
average a daily yield of S00 cc, from the colibined use of the . 
deselination kit, solar still, and rain water caught on a tax eee 
.paulin, In addition, the excellent physiclogical researches 
of Drs, James Gamble and Allan butler had previously demon- 
strated thet 100 graiis of carbohydrate would net the body more 

utilizable water (via water of oxidetion, prevention of ketosis) 
| than would an equivalent weight of water per se, besides pro- 
viding the morale value of something to eat, 


f Such a ration might support life for short periods of 
time, Mat it was not optinel« A more desirable goal was a 
ration which could mdantein maximal fitness and enable the 
survivor to cope with his adverse environment until rescue 
took place, and then he could recover more quickly and com— 
pletely. Such an objcetive might be attained by the in- 
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burns, loss of blood, or shock, In addition, protein could 
increase the palatability am acceptability of the ration, 
ever an important factor, since an uneaten ration is worthless 


The chief stumbling block to incorporating protein in a 
survival ration has always been the classic ohysiologic con- 
cept that protein fed at low caloric levels would perforce 
be bummed for energy. Since the nitrogenous end xroducts 
of crotein thus metabolized require additional urinary water 
for excretion, it would certainly be uneconomical and hazard~ 
ous to feed protein when the intake of water is limited, 


This objection might be overcome if a protein were found 
which, perhaps umer special conditions, would be retained 
and used by the body to promote positive nitrogen belance, 
rather than be metabolized for energy and excreted. 


Little vrogress was made until Gelman focused attention 
upon the work of Swanson. She had demonstrated that, unlike 
other proteins, egg albumen unexpectedly promoted nitrogen 
utilization and decreased urinary nitrogen excretion in raté 
fed at subnormeal caloric levels, provided 50% of the minimal 
theoretical basal caloric requirements were met, (1) Swanson 
also found that supplementation with the essential amino 
acid methionine promoted nitrogen utilization at even lower 
caloric levels, These findings were confirmed by Allison 
in dogs. (2) 


Our work with human beings was cxpanded on the basis of 
these findings. as the studies progressed, it soon became 
clear that results obtained in animal cxpcrinuentation, al- 
though indisovensible, could not always be cGirectly trans- 
ferred to hunan beings (e.g. caloric requircuents, methionine 
supplementation), perhans because of aifferences in svecies, 
It also became evident that many questions reneined to be 
answered in fundamental human physiology before a perfect 
ration could be fashioned. 
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From a study of 261 human voluntcers tested on 62 
different experimentel ciets, it has become apparent that 
protein can be included in a survival ration without 
aetrimental effect, even when the intake of water is limited 
to 800 cc, daily. More important is the fact that such 


inclusion of protein is actually beneficial, since it pro 
F di reac * = z 4 
luotes nitrogen utilization and preservation of the bodily 
tissues, 


It has been fourm that the effectiveness of ingested 
protein is esoecially influenced by a nurber of factors: 


1. Caloric Level - Little or no nitrogen is retained 
at the 400-500 calorie level, When 3,0 grems of 
protein nitrogen are fed, the level must be 


raised to 1500-1800 calories befores significant 
utilization occurs, 

2e Quantity of Protein - If the quantity of protein 
nitrogen fed is increased to 6,0 graas, a caloric 
level of 900 is sufficient to promote utiliza=+ 
tion. This factor is apparently resident in the 
increased amount of protein per se, 


3+ Quality of Protein - The biological value or 
efficiency of a vrotein determines its ability 
to be retained by the bodily tissues, In our 
studies, egg albumen was fourd sunerior to one 
brand of lactalbumen and to protein derived from 
malted milk, It was also soiewhat preferable 
to whole egés 


he Quantity of Fat = An increase of the content of 
fat in tre Giet to 30% by weight promotes a 


utilization of nitrogen not fourd with lower 
amounts, This phenorienon is unrelated to the 
caloric content of the faty. 


5e Quantity of Salt ~ The inclusion of as little as 
1-0 gram of salt in the caily ration improves 
nitrogen rie tabhlism and appears to aid renal 
function, Exclusion of salt produwes both clini~ 
cal and labo ratory evidence of salt deficiency, 
with possibly a role played by the adrenal cortex. 
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6, Quantity of Water - Limitation of water to 
800 cc. daily produces no significant physio= 
logic disturbances, Contrariwise, allowance 
of an ad libitum intake of water produces a 
more negéetive nitrogen balance, This pheno= 
menon is apparently mediated in the tissues, 
and is not dependent unon diminished renal or 
henatic functions 


Ze Methionine - Unlike its effect in aninals, 

d-l methionine supnlementation not only does 
not improve nitrogen utilization, but actually 
diminishes it somewhat, This occurs at both 
the 900 ard 16800 calorie levels, with end with~ 
out protein in the ciet.s The ohenomenon may 
well represent a species difference, or perhaps 
devend uoon variations in the quantities of the 
amino acid used. 


6. Periodicity of Feeding ~- Periodicity of feeding 
proauced no alteration in utilization of nitrogen 
at 900 calories, but indicated a slight tendency 
toward improvement at 1200 calories when the 
total daily ration was fed at one tiie, 


9, Increased Caloric Output - With a forced daily 
output of 600 and 1500 calories, respectively, 
beyond the energy exoenditure of semi-ambulation, 
no decrease was noted in nitrogen retention. 

This may have been associated with hype rtio phy 
of muscular fibers from exercises 


It has also becoze apvarent that, based uvon the above 
principles, a ration can be fashioned which not only will 
support survival, tt maintain subjects in relatively good 
condition for severel weeks, Such a ration might contain 900- 
1000 calories, 45-50 grems dried egg albumen (providing 6.0 = 
7,0 grams nitrogen), 30% hydrogenated fat by weight, and the re~ 
mainder carbohydrate. Ore gran of selt per day shald be as 
sured, and the intake of water kept to about 300 cc. 


Such a ration wuld be of value for a general survivel ration, 
usable by all the branches of the armed forcess It could be used 
in multiples of a basic unit, thus being adaptable to different 
climates ana different caloric recuira@nents inligenous to thetis 
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Su#vival—type rations of the sort herein suggested could be 
easily adapted to the feeding of segments of the civilian popula- 
tion (frequently enough a military responsibility) both here and 
abroad, either curing hostilities or during a post-war period. 
The investigations presently revorted emphasize that less stress 
shoulda be laid on the absolute quantity and caloric content of 
food in the uaily allowances than upon the intrinsic composition 
of thet food in tenis of proteins, fats, md adjuvants. 


The physiologic principles evolved in tlese studies have an 
obviously cirect bearing on various phases of medical end surgical 
care where there is either an involuntary or a mandatory disturb- 
ence of norsal alimentation or fluid balance. This includes pre- 
Operative ana post-operative surgical cxire, weight reduction, or 
any situation where destruction of bodily tissues is taking place. 


Without question, much more work remains to be done. Soiie 
of the more pressing vrobleus that should be further investigated 
includes: 


1. The values of edditional types of protein and of mixtures 
of various types. 


2. Tre effects of various mixtures of amino acids, 


3. The apparently deleterious cffect of large arounts of 
fluid intake upon nitrogen utilization, 


he The part played by the steroid hormones and clectro— 
lytes in nitrogen metabolism, 


5. The cffects of greatly increased outputs of energy 
upon nitrogen metabolism, 


It is to be stressed thet such investigetions be continued on 
the basis of close liaison between grouos working with animals 
end those aaploying humen subjects, since they are not mutually 
exclusive and since neither can do a winplete job alone. Itmay 
not be amiss to reemphasize that basic physiologic research, 
though perhaps not answering an imicdiate practical military 
question, is vital to mswer those likely to coie up in the near 
future. 

Finally, the suggestion is respectfully offered that such re- 
seareh be set uv wherever possible on «2 continuing basis, so thet 
intcrruptions and losses of tine may not occur beceuse of impending 
uncertainties of continucd financial suvport. 
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BODY OF REPORT 


As indicated in the Generel SER » the primary aims of 
this investigation have been to study the physiology of low 


caloric feeding,. particule rly with reference to the metabolism 
of protein utilization in huren beings.. 


It will becone clear tht. the overall program was not and 
could not have been mapped in detail at the start because of the 
paucity of available inforietion. Rather, the successive ex~ 
perincnts were plenned and exccuted on the basis of results and 
que stions deriving from the imucdiately preceding studics by us 
end by kindrea grouns working under the direction of the Guarter- 
mastcr Food ana Container Institute, 


This portion of the report will consist of the following 
scctions: = 


Ie Methods end Materiels 
II, Factors Influencing Protcin Metabolism 


A. Caloric Level 

Be Quantity of Protcin 

Ce. Quality of Protcin 

De Guantity of Fat 

Be Quantity of Selt 

Fe... Quantity of Water 

G. Ncthionine 

He Periodicity of Fceding 
Ie. Increased Caloric Output 


III. liiscellancous Observations 
Ae Urinary Ketostcroids 
B,. Circulation Tines 
Ce. Blood Sugar 
IV.. Publications 
Ve. . Bibliography 
In cases where eny of these topics heve alrcady been rcported 
in detail, references will be given, and only a surary of the 


findings offereds: . 
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METHODS AND MATERIALS 


From the initiation of these stucies in February, 1945, 
to their cessation in hay, 1948, commrehensive ob servations 
have been made on an integrated series of 62 different cx- 
perimental dictery regimens, variously providing 400 to 1800 
calories, 0% to 30% protein (providing 0 - 6,00 grans 
nitrogen), and 0% to 30% hydrogenated fat, The exact compo— 
sitions of these diets is listed in Teble I, 


Two hundred fifty one healthy adult human volunteers 
were used as subjects in these experiments, During the first 
two years, these consistea of Conscientious Objectors nb- 
tained through the cooperation of the American Friends Ser 
vice Committee in Philadelphia; thereafter, the voluntcers 
were selectea from Quartermaster Corps linlisted Men at Camp 
Lee, Virginia, end the Third jrmored Division at Fort Knox, 
Kentucky. Their ages rmged from 17 to 40 years, and their 
weights from 52 to 93 kilograms, 


These men were consiaerea to be in ;ood health, <All had 
passed army Induction Physical examinations before assignment 
either to Civilian Public Service camps in the case of the 
Conscientious Objectors, or to regular army units in the case 
of the snlisted Men. In addition, preliminary to his use as 
a test subject, the physical status of each was thoroughly 
checked by a careful history, physical examination, clectro- 
cardiogram, chest roentgenogram, blood count, urinalysis, 
erythrocyte sedimentation rate, blood sugar, and urea nitrogen. 


Because of the potentially wide variations in normal 
human physiological responses, the paired-run technique was 
utilized throughout. With this method, a basic control group 
was elways run in perallel with other groups subjected to 
the specific dietary variations under observation. lach 
Gietary test group consisted of four to six men, and a total 
of ten to twenty subjects were stucied during each exveri- 
mentel run, Table II lists the twenty exp:rimental runs, 
their date of initiation, and the totel number of men en 
ployed as subjects. 
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TABLE I 


‘, Daily 
Diet No. Calorics Percent by Weight Grams Nitrogen 
Carbo. Fat Protein plus or mint 
1 1,00 LON 0 0 a Lied 
2 4,00 90 @) 10 lea 0.10 
3 4,00 80 @) 20 204 0.10 
4 513 O65 25 10 Lue 0.10 
§ LOO 10 0 @ oe 
6 4.50 86 10 4 0.5 0,05 
7 450 90 10 @) me 
8 1.50 78 10 12 1.6 0.10 
9 850 on 10. 0 ——— 
10 850 80 10 10 36 O15 
11 800 90 10 0 me 
12 800 80 10 10 340 0.15 
3 900 90 10 0 — 
14 900 80 10 10 3.0 Uy5 
BB 900 mee) 10u 30 77 O,10 
16 900 - 90 10 0 mo 
17 9N0 90 10 @) 0.47 meth N - 
18 900 70 10 20 6,0 oe oem 
19 900 80 - 10 a0) 3.0 0.15 
20 1200 §2,.5 10 7405 3,0 0.15 
21 1800 83 10 5 3.0 0.15 
22 1804 80 10 LO 6,0 0.15 
23 1800 80 10 1A 6.0 0.15 
40.23 meth. N 
24 1800 85 10 5 360 0.15 
O.23 méeth,: N 
25 1200 82.5 10 745 3,0 Oy5 
26 1500 Sh. 10 6 2,0 A15 
27 1200 75 10 15 6,0 0.15 
28 1500 78 LO 12 6.0 0.15 


(continued) 
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TABLE I (co 


ntinued ) 


Daily 
Dict Noe Calorics Per cent by Weight Grans Nitrogen 
Carbo, Fat Protein plus or minus 

29 450 80 10 10 2.62 0.15 
30 450 SO 10 10 RaGe 0.15 
34 450 80 LO 10 2.62 0.15 
32 900 80 LO 10 Role Q.15 
33 900 SO LO 10 Aala 0.15 
3h 900 S 10 10 eele O15 
Be is 900 80 10 10 3220 0.10 
36 900 70 20 10 2.89 Q,.10 
37 900 60 30 10 2.84 0.10 
38 1200 SO 10 10 ene 0.15 
39 1200 80 10 10 3eh& O.15 
LO 1200 80 LO 10 3472 0,15 
At 1800 faed 45 265 657 0.10 
h2 900 15 30 Pap) beh 0.10 
43 1800 ft eee oe 12.5 6.57 0.10 
Ah 900 5 30 25 3028 O10 
45 900 15 30 <3 6.20 0.15 
L6 900 675. 30 12.5 3.00 O15 
47 1800 tea ao L2e> 6.20 0.15 
L8 1800 ts ee d2ed 6.20 0,15 
L9 900 45 Al 14h 6,00 0O.10 
50 900 15 30 25 6,00 0.10 
51 900 70 50 @) 0.00 ---- 
52 900 5 30 => 6.00 0,10 
53 900 5 30 ay 6,00 0.10 
ak 900 45 30 25 6.00 0.10 
55 900 5 30 Z> 6.00 0.10 
56 900 45 30 m5 6.00 0.10 
57 900 70 30 e) 0.00 ---- 
58 900 5 30 25 64h 0.15 
59 900 i) 30 25 6.44 0.15 
60 900 45 30 ray 6.54 Q.15 
61, 900 5 30 25 6454 0.15 

900 70 30 @) 0.00 -_——— 
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Diet Numbers 


6-8 
9 -10 
ll-12 
13=15 
16-18 
19-21 
22-2h 
25-26 
27(=28 
29-31 
32-34 
5 pate 
38-0 
A1—Lh 
L5—LS 
49-51 
De Oh, 
aa Ai 
58-62 
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TABLE IT 


eat 


Date Initiated 


February, 1945 
hiarch 

August 
Septenber 
Novanber 
Decauber 
Jenucry, 1946 
February 
larch 

iay 

September 
October 
Jenuery, 1947 
February 
March 

hay 

Sentauber 
December 
February, 1948 
April 


Continued 


The basic pattern for each experimental run has 
included three successive periods: 


1. Stendardization pcriod - five to ten days 


2, Testing or "Deprivation" period — five days for 
Diets 1-5, inclusive; ten days for Dicts 
6-48, inclusive; forty days for Diets 
49~51, inclusive; fifteen days for Diets 
5e-54, inclusive; twenty days for Dicts 55— 
57, inclusive; and thirty-five aays for 
Diets 58-62, inclusive 


3, Recovery period — five days 


During the standardization period, the wen ate full 
army 10-in-1 Rations, anu drank water ad libitum. During 
this phase, control levels were established for the clinical 
end l-boratory tests to be repested inth deorivation and 
recovery periods, 


In the deprivation period, the subjects ate the cxveri- 
mental ration in four installments, at 9 Ailis, L Pale, 5 Peliey 
end 9 P.M. The only excention to this vrocedure was followed 
with Diets 32-34, inclusive, and Diets 38-40, inclusive, where 
the effects of periodicity of feeding were being stuaied, and 
varied schedules were employed (sce later), One fourth of 
the aaily 800 cc, ration of water was drunk with cach of the 
stemard feeaings, except on those specific Diets where the 
specific effects of water ad libitum were being investigated 


(Dicts 30, 50, 52, 55, 59, 61, end 62), 


During the recovery period, the men were again fed the 
10-in-1 Ration. On the first recovery day, they were Limited 
to 1200 calories of food if the cxperimentsl dict hed provided 
900 celories or less, and 2500 ces water, to prevent gastro- 
intestinal unscts, Therecftcr, celorics end water were per- 
mitted to be tceken ad libitum, 


All foo. enu fluid were carefully wei; hed, measured, 
checked, am. charted by the dietitien in ch:rge, This included 
the reweighing of foou already packagea and labelled for weight, 
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Except for the first cight diets, which were packctcd in a 
compressed confection foma, all the experimental rations were in 
the form of biscuits, The latter were specially baked for these 
exocriients in accordance with proferred formulas, The ingredients 
were weighed out on a dry as-is basis, then water was added and 
the matcrials thoroughly iiixed. Beking was carricd out at 360! 

F, until very slight surface browning appcared, After drying, 
each seiinle was analyzed for i:oisture content, with the renge being 
3-12%. With eech ration, calculations were rede of the total 
weight required to piovide the requisite aiount of calorics and 
nitrogen for the individual experiments. The nitrogen content of 
eech sariple was determineu by direct Kjcldehl enealysis of pulver- 
ized biscuits, The amount of moisture present in cach subject's 
Gaily quota of biscuits was deducted from his daily allotuamt of 
watcr, It may be mentioned that no attempt was rade to make these 
biscuits tompting, cithcr in taste or apnearcnce, 


The experinentel rations were baked in coopration with the 
the Institute by the Sunshine Biscuit Company, the National 
Biscuit Company, thc Gottfried Baking Company, and the Ward 
Baking Company, with th Sunshine firm responsible for the great 
majority. 


The subjects were confined during these cxxrinents as 
regular veaticnts to Werd K of thc New York Mcdical College, 
Metropoliten hospital Kese=rch Unit. They were allowed to be 
anbulatory on the praaises, but at no tise cid they leave the 
werd without supervision. They rested or slept whenever they 
wished during the day, excent for feeding am testirg tics; at 
night they were in bed by 11 O'fclock. lKkecords were kept of the 
quantity and quality of slcep, 


Meny laboratory detceriiimtions on both blood and urine, as well 
as general tests of bodily function were peorfor.cd aliost daily 
throughout the cxperimcnts, Twenty-four hour urinary collections 
were uiede from § A.M. of one day to 8 A.M. of the next day, Fast- 
ing sauplces of venous blood were drawn between 8:00 and 8:30 A.ii., 
preceding the first morning feeding. Pre-sealed vacuumatic tubes 
were uscd to insure aicinst contathination. 


A detailed description of laboratory techniques is avail- 
able in a previous report to the Committee on Food hesearch (3)5 
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II, Factors Influencing Protcin Mctabolisin 


A. Caloric Level ~ Previously reported (4), with full 
tables and graphs, These findings can be suiizarized as follows: 


1, Nitrogen spering is not cffected within the 400- 
500 calorie range of feeding (level of stendard life 
reft ration). 


2. Nitrogm utilization is distinctly enhanced by 
increases in the ccloric inteke, bcing optimal at 
1500-1800 calorics when 3.0 grems nitrogen (derived 
from dchydratcd fermented egg elbumen) are fcd. 


3. An increase in the nitrogen intake pcr se from 3.0 
to 6.40 graiis daily produces a striking inproveuent in 
nitrogen balance at all levels from 900 to 1800 calorics, 


ha Urinary voluxes are not increased when 3.0 and 6,0 
groas of protcin nitrogen are fed at 1500-1800 calorics, 
averaging 30-60 cc. less then when no protein is in- 
gested at 450 calorics, amd 115-145 cc. Ilcss then 
when 1.6 grems are given at 450 calorics, 


These findings are essentially corroborated with Dicts 
29-62, inclusive. Quentitative variations can be atbributed 
to vorictions in individual subjects, end to variations in 


perspiratory losscs of water and salt. 


Be GQuentity of Protein - An increase in th quantity of 
protein to about fifty grems, so thet 6,0 grans 
dictary nibrogen are orovided, produces a definite 


improvanent in nitrogen belance cven at 900 calorics 
(4). However, at thc 400-500 level, even sill 


quantities of increase in protcin nitrogen impair 
the utilization, with rcsultant imreases in urinsry 
nitrogen, solutcs, end volunc,. 


The beneficial effects of increased smounts of dict— 
ary protein are es yet not TAReee ee 3 


Ce Quality of Protein = Comparisons have been reportcd 
(L) of the velue of dehydrated fermented egg albunen, 
melted milk protein, and lsctelbunen, In those 
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expcrinents, the egg albumen was found to be distinctly 
superior to the others in proltioting nitrogen utilization, 
Further coiperison with other preparations of lactalbunen 
would secin desirable, however, since the bateh used had an 
unduly high ash content, 


The effectiveness of dchycrated eggs albumen and whole 
egg was caupearcd in three scts of cxpcrizents: Diets 42 
ana 44s 53 and 54; anc 58 and 60. All were conducted at 
the 900 calorie level, with the inteke of weter Linitcd to 
800 cc. The data from Dicts 53 amt 54 were discarded be- 
cause the subjects were consiacred unreliable. 


Dicts 42 and 44 were tested for ten days. Dicts 58 
and 60 were projected for 35 days, but a repidly diinish- 
ing acceptebility of Vict 60 (containing wholi og:) forced 
termiination of that dict on the 18th cay of deprivation. 


The coimosition of these seviral dicts is given in 
table Jit, It will be noted that Dict AL contained h1% 


fet and only 14% protein. This was occasioned by the 
wistaken notion that the whole cgz powacr had betn dcfat- 
ted, wherefore the baking wixture was weighed out to con- 


tain..25% whole cgg, 30% hydrogenated fat, end 45% carbohydrate, 


TaBLE IIT 
Comparison of ugg albumen and whole uge 
Type Gite 
Dict Carb.% Fat% Protcing Protein Nitrogen 
42 15 30 25 Egg ilbs 542 
Ab 45 AL avn Nneake BEE 3.28 
60 15 30 25 Whole Les 6.54 


In the first cxnerincnt (Victs 42 and 44), the egg 
alburien perfor.cd better: total urinary nitrogen was 6.00 
greaus versus 7.24 for whole cgg; nitrogen balan nec - 0.55 
grems versus - 3.95; urinery volunc 361 ce, versus 394; 
urinary solutes 348 itilliosnols versus 364; and loss of 
weight 3.2 kg. virsus 4.1. This might be considered to 
have been | duc to the increased aiiount of protein nitrogen 
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in the cgg albumen dict. With dicts 58 md 60, where the 
nitrogen cont@mts were conparable, the ciffermnccs were 
not reucerkeable except that the ; roup on eg; albunon lost 
only 4.3 kg. as colpared with a total of 6.5 kes for the 
whole cgg groun in 15 days. 


The nitrogen balances were unduly negative in both 
cases, the acficit aaounting on the average to over 3.0 
& eS reoiis e 


It is quite possible that the results obtained may be 
related to the methods of beking (as also in the case of 
soiie other varietions) which ney heve altered the quality, 
digestibility, or absorbability of the protcin. Further 
comparisons are aistinctly necessary between these two 
types of cge products. 


D. Quantity of Fat — The content of hyiro; enetcd fat in 
Dicts 6-34, inclusive, was :.cintained constant at 10% by 


weight, as seen in Table I. This anzount was uscd to 
incrcase palatability «nd caloric density. Thet no seri- 
ous attciipt was made to increase the overcentage beyond 
the 10% fisure wes duc to the oecurrenee of abdominal 
cramps, nausea, and flatulence with Diet 3, which con- 
tained 25% (approximately 25 grems). 


When the progressing stucdics indicated the need for 
increasing the caloric inteke to procuce nitrogen uti- 
lization, the potential weights rcquired threatened to 
exceed by fer the linits of weight am space set by the 
Air Corps. Therefore the question of raising th feat 


livel was egain considered, in oraer to increase the, 
caloric uensity. Digestive disturbances were the main 


feer, anc. thercfore ;raaucated guantitics of fat were 
introduced in emounts of 10%, 20%, ana 30%, respectively 
in the isocaloric Dicts 35, a end 37 (see Table I)e 


Bach dict was fca for ten days to a group of four 
men. The four caily feedings suoplicd a totel of 900 
calorics, Weter wes listed to 800 cc,., with 1.0 gran 
salt dissolved therein. The significant results are 
éiven in Table IV: 
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TABLE IV 


Effect of Varying Guantitics of Fat 


Giie Nitry Urin, Urin,. 
Dict e Pat Ta. in Bal. Vol. Solutes 
Urine Gris CC. i 
ip ge 5.56 = =2,.26 308 327 
36 20 5.69 —2.98 300 345 
my 30 432 -1.48 a> 28 


It is apparent thet no significant difference exists 
between the dicts containing 10% «nd 20% fet, However, 
when the fat content is r-iscd to 30%, a aocfinite iuprove- 
mont 18 “ppearent,. This beneficial cffcuct cannot be attri- 
butcd to caloric intake, since the three dicts were all 
isocsloric. It riust bce associated with sole property in- 
herent in the fat itsclf. 


Of »racticcl importance is the fact that no digestive 
disturbances were encountered cven with the 30% regimen, 
(v. also sbsence of dizestive Cisturbenccs with Dict 44, in- 
advertmtly usde un to contein 41% fat), That untoward 
syriptouis did cecur with Dict 3 containing 25% fot can vro= 
bably be attributed to 2a "bleeding out" phenomenon, 


That the bencficial cfficts of both the increased fat 
eam protcin cen work togcther without cetrinet, but anpar- 
ently without additive cffect, is incicated by the results 
obtained with Diet 42, This supplicd 5,42 gi, nitrogen 
er 30% fat, enc geve the following results in a ton Gay 
test: 


Totel urincry volune 561-66, 

Totel urinary solutcs 3L8 williosuols 
Totel urinery nitrogen 6,0 graiis 
Nitrogen balance 0,55 -reus 
Loss of wei,ht Age MES 


Be. Quentity of water - as hes been previously -cntionad, 
the iiajority of these cxneriszents were conductcd with the 
intake of water liiitec to 800 cc., 2 fizure representing 
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the amount cxpected to be averaged by a castaway from his 
three potential sources: rain watcr, gesalination kit, 

end sun still. This limitation especially was adopted 
after initial observetions revealea that no danage resulted 
in the ten day experizental runs. 


No changes were contenplated until plans were nade to 
test Diets 49, 50, and 51, which were nrojected to run forty 
days instced of the customary ton, Because of the fear that 
progressive uchydration with 800 cc. of water night fore- 
shorten the long-range deprivation period, it was decided to 
allow water ad libitui with Diet 50, which was idm@mtical with 
Diet 49. although all data for that cxpcrinent were dis- 
carded because of dishonesty on the vart of some of the en- 
listed izen serving as subjects, there appeared to be a definite 
impeinmicnt of nitrogen utilization in thos taking water ad libitu. 


Accordingly, the suggestion hcre cacrived was restudied with 
aeperdable and closely guarded subjccts on Diets 55, 56, and 57 s 
all at the 900 calorie level, (sce Table I). 


Diet 57 represented a protein-free control group. As 
cen be seen in Figures I - IV, inclusive, the advantage lics 
with the group taking only 800 cc. water. Loss of weight was 
0,53 kg. less than with free inteke of waters; the nitrogm 
balance was 0,66 ~ 1.65 gn. better; total urinary nitrogen 
excretion averaged 0.82 - 2.1 gm, less; and solutes ranged 
25-250 iilliosiwols less, 


Although the general level of nitrogen excretion was 
higher with all three cictary groups than we had expected, 
by comparison the 800 cc. group appears orc favorable, with 
&@ urinary volume little highcr than the protein-free regiizen. 
It is of interest to note thet the men in the ad libitum group 
(whose inteske rangcd froz S00 to 2500 cc.) showed a lower 
urinary nitrogen end solute excretion when their intekes of 
watcr were lower. There was no corrcletion of urinary 
nitrogen with urinsry volume in this group. %incc thre was 
no evidm@ce at any tine of any renal or hepatic invairiict in the 
group itbibing 800 cc. (just as there was none in previous 
Siilar groups) water, it scais fair to consider that the differ- 
cnecs in nitrogm excretion represent greater retention by the 
tissues, 4 very indircct indication of this my be gleaned 
from the fact thet the total urinary oxcrction of "17 kctosteroids" 
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consistently averaged about 5.0 mge less in the 800 cc. group 
than in the ad libitua groun, ruming about 6.0 mg. daily. 

This whole phenomenon of water intcke should be further studicd, 
prefcrably with the ad libitum group forced to drink a wininun 
of about 2000 cc, 


F. Quontity of Salt -‘Stuuics of electrolytic patterns have 
already been dctailed (4), and are herewith suiwarized: 


1. «absence of salt in 400-500 calorie aicts produced 
muscular cramps cheracteristic of clinical salt 
dcficimcy. 


2. These nmenifestations were associated with decreascs 
in seru sodiwa and chlorides, and with rises in 
serum potassiun. 


3. That this phenomenon was probably not circctly duc 
to .drenal cortical hypofunction was indicated by the 
low urinary excretions of sodiui and chloride, am by 
higher outputs of potassium. 


4. Supplenentation of the ciet with 1.0 grams salt daily 
prevaited muscular craps. It also maintained the 
seruii sodium end chloride concentrations normal. 
Scrum potassium concentrations in some cases still 
rose above normal; this appears to have bem a dchy-— 
dration phenoncnon,. 


5e Serum concentrations of potassium were able to be 
decreased by increasing the caloric intecke; by in- 
ercasing the nitrogen intake; and by supplementation 
with d-1 iacthionine. 


In order to check on the possible role playcd by dietary 
salt in the previously referred to phenomenon of increased 
nitrogen excretion with large intekes of water, Diets 59 and 61 
were mun. They wore icernbical in all respects, save that they 
conteined 1.4 oc 3.8 grams of salt, respectively, Since there 
was no aporceiable difference in the results of nitrogen ox- 
erection, itis concluded thet salt plays no Girect part in the 
DrOCCSSe 
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G. lethioninc - Suppluxntetion of the cict with d-l mcthio-~ 
ninc was previously fully repor tua by us (4), anc the con- 
clusions arc herewith suirarizcds: 


1. sSupplacnteation of 900 erm 1800 caloric emcrizxental 
¢iets for human beings with 5.0 mc 2,5 grans ic thio- 
nine, respectively, vroduccd: 


&e Increased totel urinary nitrogen cexcerction 
b. MImrcased urinary urca nitrogen cxerction 

Ce Increased urinary aiionia nitrogen excrction 
d. More warkedly negetive nitrogen balance 

6» lrercased urinary volume : 

f. Increased total urinary solute exerction 

Be iIncreasca urinary potessium excretion 

he Ueccreased scurwi potassiui conecntretion 


2 Unacr the comitions of thse exocriumts, supple— 
laentation of feedings with d-lix«thionine not only 
aocs not improve nitrogen utilization, but actually 
impairs it somewhat. Loss of urine watcr is increascd, 


3. These considcrations indicate that it waild be unwise 
ena umesirable to suopluient survival retions for 
hunion beings with icthionine. 


H. Periodicity of Fecding - On the suggestion of Ch.ikoff 
that nitrogen fed is utilized bettcr within several hours efter 
caloric intcke hes been high, it wes decided to check th ef- 
fects of feeding the test ration at differcnt intervals. To 
this end, threc grouns of four ien cach were stucied with 
Dicts 32, 33, am 34 - identical dicts of 900 celorics each, 
supplying 2.6 grais of nitrogen, Group 32 ete the dict in the 
four daily standerd fecdings; group 33 recuived 12 hourly 
feedings from 9 ali. to 9 Plies and group 34 ate the total 
ration in a single fecding et 9 alice 


No significant diffcermecs were noted with the se various 
feeding patterns, Th data have been vreviously revorted (5). 
A subsequent cxerivent (5) with ciets 38, 39, end 40 2t 1200 
calories also showed no statisticel diffcrcenecs, althcaugh there 
was perhaps a sugsestion th.t the single feeding ight be a 
bit bettcr than the others. This study should be cone at the 
1500 and 1800 cxloric levels. 
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Ie Increased Caloric Output ~ On the besis of the work of 
Swenson (1) am aAllison fe. it was thought tht the Feeding 
of 50% or more of the uaily basal caloric requirwient wuld 
suffice to promote nitrogm retention. accordingly, we iaic 
ebservations at the 900 ond 1200 caloric levels ( 50% of the 
theoretical daily huren besal requiruicnt of 1600-1800 caloric¢s). 
Little rctmtion was noted when 3,0 grais of nitrogen were fed 
(see ebove) until the 1500-1800 ccloric range had been reached, 
It svexicd then thet prerheps the 50% fi.ure should Inve been 
calculated on the basis of actual caloric output, since it 
would beclogital to expect that the body wuld use protein 

for necdeda calorics, 


It was thercfore decided to test the cffcct of increased 
energy output upon nitrogen retentions 


Two grouvs of four nen cach were pleced on identical 1800 
eeloric Dicts 41 end 43 (sce Table I), Water was lisited to 
800 cc., end the custozery 1.0 gran suopluscnt of salt was 
added. One ¢roup was permittcau to be ambulatory on the Rescarch 
Ward as in all previous cxpcrinents,. Th othcr group was 
werched twelve miles daily at a rate of four tiles per hour, 
Helf the isearching was done in the :zorning ena helf in the 
efternoon. The calculetcd average increase in daily cxpenditure 
of mcergy by the wiarching group was about 600 calories more than 
that of the control grmup.,. 


Ti.BLL V 


eae Seer ces oh ie rey Oe 


Dict No, . Gue T.N. in Witty. Urinery Urine. 
; Bol. Gis: Volurie ce 

4l-cxcreise 6.15 £0.42 347 356 

43-no cxercise 5.60 £0.97 302 312 


These figures do not indicate any real differences, Thrc- 
fore another exnerizent was sct up with dght aaditional men, with 
the exercising group having en cncrgy expenditure excecding that 
of the control groun by 1500 calorics daily. The cicts (47, 48) 
were Similar-to 41 end 43 previously uscd, 
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Again there was no sisnificant diffcrence between the 
two groups, Tr nitrogm balances were £0.79 gras for the 
exercising group, and 40.58 for the aubulatory group, Other 
data obtained parallelled the nitrogen balences, 


bocy forcibly and selectively awosited nitrogen in the muscular 
fibers thet were umergoing hypertrophy from the merching exercise, : 


The only cxplanation for this apparent paradox is that the 


III. Miscellancous Obs. rvations 


ie Urimry Ketosteroids - Because the steroid homoncs, | 
especially as they relate to the adrenal cortex, play such 
an important part umcr comditiors of stress, detcriiine tions 
were made of the urinary neutral "17 - Ketostcroids", 


Observations were made chiefly in twelve of the ex- 
periments, wherein 48 subjects were employed, with cor- 
relations drewn between the ketostcroids, circulating 
lymphocytes, ena the blond sugar, 


The total 24 hour urinary j” ke tostcroids decreased 
si, nificantly during all periods of durivation, The do-= 
crcase was distinctly less when watcr was taken ad libitum 
then when it was fixed at 800 cece Th number of cirmlating 
lymphocyt cs accreased during deprivation in lost cascSe 


In sone instences an inverse relationship existed be~ 
tween the totel circulating lymphocytes end the urimry 
cone cntration of ketosteroids. No consistent clear-cut 
relationship was four) between the levels for bloc sugar 
and lyzinphocytes, 


It appears thet the subnutrition imposed in these ex+ 
perinents does not wm nstitute a condition of acute stress, 
if urinary ketostcroids can be used as a critcrion of such 
stress. 
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B. Blood Sugar — The occurrence of symptoms and signs of 
hypoglyeasie during th first and second days of deprivation 
inone of the cakly experiments prompted the checking of serial 
blood sugar levels in subsequent runs, 


It was found that the clinical findings paralleled drops 
in blood sugar concentration following postprandiel peaks, This 
occurred in both the 400-500 and the 900 caloric dietary groups. 
These clinicsl menifestations and laboratory correlations cane 
chiefly after the 9 A.M. and 1 P. M. feedings on the first dey of 
deprivetion, Th scverity of the clinical findings depended not 
on the absolute low lewel of the blood suger, but on th rate and 
degree of fall. It is also of importance that these fluctuations 
in blood sugar, and their accompanying symptomtology, were much 
less marked with diets containing prot cin than in those not con- 
taining it. 


These observations may be of practical importance in making 
up survival rations and in recommending how they be caten - that 
is, in large infrequent feedings, or in amall infreqicnt ones, It 
is clear that hypoglycaunie manifestations can impair morale greatly. 
That such wanifestations uo not oecur beyond the first two days 


of deprivation indicetes that the body probably umergoes a process 
of adaptation, 


C. Circulation Time - The influence of limited food am fluid 
intake upon the circulation has been previously reported, and our 
findings are herewith summarized: 

Arm-to-lip end erm-to-leg circulation tines were tested 
by the fluorescein method in 8&3 men subjected to 23 test 
diets, 

2. Denrivetion produced a prolongation of 3 secords or more 
in the arieto-lip tise in 21.7% of ceases, am of 6 seconds 
or more in thearm-to-leg times in 30.1%, In 44% of the 
men exhibiting arm-to-leg tite prolongations, there was 

no significant increase in the arm-to-lip tine. 

3. Increases in cireulationtine are favored by 400~500 
calorie feedings, though they may occur when the caloric 
intcke is higher, Dehycretion my possibly be a factor. 

4. Prolongations in cireulation time can be correlated with 
chenges in the ainplitude ani conformation of the T-wave 
in Lead I of the electrocardiogram, 

5. The apparent susceptibility of the legs to impairment of 
circulation under deprivation conditions should be con- 
sidered in the pathogenesis of frostbite, trench foot, 
and imuiersion foot. 
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